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Mass. More precisely energy. Or, more precisely, inertia (mass, energy). This can be shown 
if we analyze the Maxwell-Boltzmann distribution by speeds [1]. 

Maxwell-Boltzmann statistics is a statistical method for describing physical systems that 
contain a large number of non-interacting particles. These particles must move according to the 
laws of classical mechanics, as in an ideal gas. The question of the applicability of the Maxwell- 
Boltzmann distribution to a particular system is equivalent to the question of whether this system 
can be considered an ideal gas with sufficient accuracy. Monoatomic inert gases, with a good 
approximation, can be considered an ideal gas. Let's look at the picture [2], 


Maxwell-Boltzmann Molecular Speed Distribution for Noble 



This figure shows the probability density distribution of velocities (atoms) for four noble 
gases (He, Ne, Ar, Xe) at a temperature of 25 °C. The probability density distribution function is the 
probability of “seeing” an atom at a given speed divided by the speed of the atom. The usual 
statistical system is considered, that is, the number of atoms is quite large. 

From the figure it’s obvious, that with an increase in the mass of atoms (He —> Ne —* Ar —*■ Xe), the 
maximum probability density of atomic velocities shifts to the left, and greatly increases in 
magnitude. Moreover, the graph of the distribution function becomes narrower (for the speed 
range). That is, at a given temperature (or energy), with an increase in the mass of an atom, the 
speed range of this atom will decrease. This means that with increasing atomic mass, the velocity 
distribution will be more uniform. 




























































This conclusion directly follows from the equipartition theorem, which predicts that each 
atom of a noble gas has an average kinetic energy of translational motion equal to (we have thermal 
equilibrium at temperature T): 

El = (3/2) * k * T 


As a consequence, the heavier atoms have a lower average speed than light atoms at the same 
temperature. Since the kinetic energy of the atoms is determined by the formula: 

E2 = (m * v A 2) / 2 

Hence El = E2 


(m * v A 2) / 2 = (3/2) * k * T 
m * v A 2 = 3 * k * T 
v A 2 = (3 * k * T) / m 
v = ((3 * k * T) / m) A 0.5 


From the last formula it is clearly seen that with increasing mass (atom), the speed of the 
atom will decrease. But, need to explain why the speed range will also decrease. 

Note that the mathematical expression of the Maxwell-Boltzmann distribution (in speed) 
itself is rigorous proof that with an increase in atomic mass, the range of atomic velocities will 
decrease (at a certain temperature). And this is quite obvious, just look at the corresponding chart, 
or equation. See the formulas here [1], 
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This equation also strictly implies a decrease in the atomic velocity with increasing atomic 
mass (at a certain temperature), which is also quite clear. But, this is an essentially formal, 
mathematical approach. We will analyze to understand the physical nature of phenomena. We 
proceed to the analysis. 

The fact that the speed range will decrease with increasing atomic mass (that is, the 
minimum and maximum atomic velocities will be closer) is a direct consequence of an increase in 
the inertia of the atom (because the mass increases!). The supply of kinetic energy is limited by the 
formula: 









El = (3/2) * k * T 

But, not all this "thermal energy" will "pass" into speed, that is, into kinetic energy. Part of the 
"thermal energy" will be spent on accelerating the atom to a certain speed (in accordance with 
Newton’s second law, F = m * a). That is, part of this energy will be spent on work to overcome the 
inertia of the atom. Let us dwell on this issue in more detail. 

Recall that the concept of “kinetic energy” is introduced into mechanics when work done on 
a material point is expressed through kinematic quantities, using the second Newton’s law. As a 
result, we get that work done, for example on an inert gas atom, will be equal to a change in its 
kinetic energy. 

E = (m * v A 2) / 2 
A = AE 

From this it is clear that with an increase in the mass of the atom, the work to overcome the 
inertia of the atom will increase. And with some, limiting, theoretical value of the mass of the atom, 
the work to overcome the inertia of the atom will be more than the kinetic energy of the atom (El = 
(3/2) * k * T) (A > El). That is, during collisions, the inert gas atoms will cease to change their 
speed. Moreover, in this state, all atoms will move at the same speed. This follows from the fact that 
all atoms have the same mass, and have an equal supply of kinetic energy. 

In fact, we get a super perfect gas in which all atoms will move at the same speed. The 
kinetic energy of such atoms (and, accordingly, the velocity) will, as before, be determined by the 
formula 

El = (3/2) * k * T 

But, this energy will not be enough to change the momentum of an atom (due to an increase 
in mass and increase in momentum). It can be argued that we have received a discrete state of noble 
gas. This discrete state of an atom is characterized by a quantum of energy (El = (3/2) * k * T), 
moreover, all the atoms move at the same speed. This is a complete analogy with photons. 

Compare, all photons move at the same speed, and the photon energy is also determined by 
the energy quantum according to Planck (E = h * y). Compared to our super ideal gas, the “photon 
gas” differs only in that the energy quantum is determined in a different way. Everything else is 
completely similar. I emphasize, completely! 

This conclusion clearly shows the fact that quantization is a consequence of the existence of 
inertia. And inertia characterizes mass and in the more general case energy (since E = m * c A 2). 
That is, if we have a certain mass (or energy), then we have a certain inertia. And this means that 
with a certain ratio of energy and momentum, we will inevitably get quantization (that is, quanta, 
discreteness, etc.). In fact, the existence of an energy-momentum uniquely guarantees quantization 
and discreteness. If there is energy (or mass), then there will be quanta... 


It is worth noting that this conclusion actually destroys the concept of dark matter and dark 
energy. This follows from the fact that in the presence of quanta, that is, discreteness, radiation 
inevitably appears. And this means that both dark energy and dark matter are simply obliged to 
interact with each other and with ordinary matter (absorption, radiation, reflection, etc.). Since they 
have mass, or energy, which means they must interact and radiate (there is inertia - there is 
discreteness). That is, they can be studied, and they should be “visible” in the Universe (especially 
considering their predicted number). But this is not. Moreover, these concepts are based on the fact 
that they practically do not interact with ordinary matter, and with ordinary forms of matter (or 
energy). But, given the fact that mass or energy is guaranteed to “give birth” to discreteness and 
quanta (since there is inertia), dark matter and dark energy cannot be by definition. 
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